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Abstract 
Twenty four farmed great sturgeon, Huso huso (including 8 males and 16 females) over 6 
years old were used to develop a method for determination of sex and maturity stages. 
Seasonal gonadal tissue and blood samples were collected from farmed great sturgeon for 
three years. The sex and stages of maturity were determined by histology and laparoscopy at 
the beginning and end of experiment. Plasma sex steroid hormone levels [testosterone (T), 
17β-estradiol (E2) and progesterone (P)] were measured by radioimmunoassay, and plasma 
calcium ion levels were measured by spectrophotometer. Mean concentrations of 
testosterone, progesterone and estradiol in blood plasma of H. huso at maturity stages II, III 
and IV were 10.86±1.63, 54.14±3.1, 112.41±7.4; 0.84±0.12, 15.66±2.18, 50.75±3.63 ng/ml 
in males and 9.0±1.39, 6.51± 0.64, 2.95±2.29, 5.45±0.29, 9.47±0.97 and 4.15±0.7 ng/ml in 
females, respectively. Testosterone and estradiol levels showed significant differences at 
various stages. Calcium level at stages II, III and IV of sexual maturity in females (8.05 ± 
0.09, 10.4 ± 0.34 and 9.6 ± 0.6 mg/dl) was more than males (7.73 ± 0.16, 8.58 ± 0.13 and 
8.76 ± 0.11 mg/dl). Results showed that steroid hormone concentration and calcium level of 
blood plasma in males and females vary between different stages of sexual maturity. 
Therefore it can be used to determine the stages of sexual maturity in farmed H. huso.  
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Introduction 
In recent years, populations of wild 
sturgeon have decreased sharply in all 
regions of the northern hemisphere 
especially in the southern Caspian Sea 
(Pourkazemi, 2010). Scientists believe that 
one of the practical ways to prevent the 
extinction of sturgeon fishes is captive 
breeding. 
     Considering the life spawn and late 
maturity of sturgeon species, especially 
Huso huso, and the lack of morphological 
indicators for sex determination, it is 
important to find some techniques to 
distinguish the males from females at their 
early stages of maturity in order to 
separate them for artificial propagation and 
breeding programs. Great Sturgeon (H. 
huso) is one of the world’s most important 
sturgeon species, because of its rapid 
growth and adaptation to nutrition regimes 
and the farming environment. It is one of 
the main cul tured species of sturgeons in 
Iran and many other countries for meat and 
caviar production. Due to the long 
maturity age and the lack of morphological 
indicators even at maturity, determination 
of sex and maturity stage is essential for 
efficient caviar production. Nowadays, 
invasive methods such as biopsy (Webb et 
al., 2002; Chapman and Park, 2005) and 
semi-invasive methods such as 
laparoscopy of gonads are used for sex 
determining and staging of sexual 
maturation (Matsche et al., 2011). In these 
methods especially in biopsy, histology of 
the gonads is used directly for determining 
sex and sexual maturation stages, which is 
a time-consuming, costly and invasive 
method (Kazemi et al., 2002 - 2004).  
Other studies showed that steroid hormone 
concentrations in different species of 
sturgeon vary at the same stages of sexual 
maturation (Webb and Erickson, 2007). 
The concentration of these hormones in 
blood plasma are usually too low to be 
measurable until the time of sex 
differentiation when a considerable 
increase will occur at the start of meiotic 
division in both males and females 
(Cuisset et al., 1995; Moberg et al., 1995; 
Mojazi Amiri et al., 1996; Van 
Eenennaam et al., 1996; Webb et al., 
1999). 17β-estradiol and calcium ion 
concentrations in blood plasma of female 
sturgeon increase during vitellogenesis and 
decrease at the final stages of sexual 
maturation (Mojazi Amiri et al., 1996 
Webb et al., 1999; Doroshov et al., 1997; 
Linares-Casenave et al., 2003). The 
concentration of steroid hormones 
(testosterone and 17β - estradiol) are low 
in the early stages of maturation, but 
increase significantly during the 
vitellogenesis and decrease in the final 
stages of maturation (Nazari and Ghomi, 
2010).  
     Estradiol hormone is the final yield of 
the steroidogenesis pathway in the ovarian 
follicle. Biosynthesis of estradiol is started 
by exo-endogenous passing of cholesterol 
into the mitochondrial epithelium of 
ovarian follicle and activator protein of 
steroidogenesis (Clark et al., 1994; 
Christenson et al., 2001; Stocco, 2002). In 
other words, gonadotropin hormones 
activate estradiol secretion and accelerate 
vitellogenesis (VTG) in liver cells.   
Therefore, steroid hormones in blood 
plasma are the most important indicators 
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for determination of sexual maturity in 
sturgeon (Webb et al., 2000; Ceapa et al., 
2002; Bahmani et al., 2004; Barannikova 
et al., 2004 and Malekzadeh Viaieh, 
2006). 
     Calcium ion levels in blood plasma 
depend on the amount of VTG plasma 
steroid hormones, and was therefore used 
as an index of vitellogenin in sturgeons 
(Webb et al., 2000). The aim of this study 
was to develop a rapid, simple, economic, 
and non-invasive method for sex 
determination, and stages of sexual 
maturity in farmed H. huso based on levels 
of sexual steroid hormones and calcium 
ions in blood plasma.   
 
Materials and Methods 
This study was carried out at the Rearing 
and Propagation Department and 
Physiology and Biochemistry Department 
of the Dr. Dadman International Sturgeon 
Research Institute (Iran - Rasht) during 
2008 - 2011. A total of 24 over 6 years old 
farmed beluga fishes (including 16 females 
and 8 males with mean initial weight 
16.42±7.2 and 20.26±5.1 kg and mean 
initial length 149.78±8.7 and 154.56±14.3 
cm, respectively) were used. All fishes 
were at stage II of their sexual maturation, 
and transferred to 3 covered circular ponds 
with 4×4×11.5m dimensions and equipped 
with aeration system. Eight fish were 
placed in each pond. Water supply was 
from Sepidroad River mixed with well 
water, with dissolved oxygen, temperature 
and pH averaging 6.14±0.35mg/l, 
17.5±1.23oC and 7.65±0.02, respectively. 
Fish were hand-fed twice daily at a rate of 
2-3% of the body weight. The diet 
consisted of 38-40% protein, 13-15% fat 
and energy 19.5-20 MJ. Sex determination 
of fish was done by biopsy and 
laparoscopy every 6 months at the 
beginning and the end of the experiment 
using a Stema Company; model M-
CAM1700, 30 degree telescope with 4 mm 
in size and with length 17.5 cm and with 
the cold halogen light source,  250 W, 
Germany). 
      Blood sampling and biochemical 
studies were conducted seasonally for 12 
seasons. Bleed samples were taken with 
5cc syringe from caudal vein at caudal 
peduncle. . At each time, 3cc blood was 
collected from each fish and transferred to 
the Hematology lab for further analysis. 
Blood plasma were separated using a 
centrifuge (Labofuge 200, Heraeus 
Sepatech, Germany) at 3000 rpm for 10 
minutes. Samples were stored at -20oC 
(Pottinger and Carrick, 2001). Steroid 
hormone levels (including testosterone, 
progesterone and estradiol) were measured 
using radio immune assay (RIA) with 
Immunotech kit and I125 (France) and 
gamma counter LKB (Finland) based on 
ng/ml. Calcium ion levels were measured 
using a photometric method and 
spectrophotometer (UV/VIS – model 
6505, Jenway Company, England) and 
Pars Azmon kit (Iran) with 570 nm wave 
length at the Hematology lab. 
     Minimum, maximum, variance and 
standard error were used to describe 
biochemical indices. Excel and SPSS17 
software were used for data analysis and 
drawing diagrams. Comparison between 2 
groups was done by one-way ANOVA, 
and Duncan’s test was used for differential 
studies. Levene’s test was done to test the 
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equality of variance. An Independent-
Sample T-Test was used to detect 
differences between hormonal and 
biochemical indices in males and females. 
Data are presented as Mean ±SE. 
 
Results 
Testosterone levels 
There were significant difference in 
testosterone levels between sexual 
maturity stages II and III; II and IV; III 
and IV in males and females (p<0.05) 
(Table1). Testosterone levels showed 
significant differences between males and 
females at stages II, III and IV (p<0.05) 
(Table1). 
 
Progesterone levels 
       In males, there was significant 
difference between stages II, III and IV 
(p<0.05), but there was no significant 
difference between stages III and IV 
(p>0.05). In females, significant 
differences were observed between stages 
II and III; II and IV, and III and IV 
(p<0.05) (Table 1).  Progesterone levels 
showed no significant difference between 
males and females of beluga at stage II, 
but showed significant differences at 
stages III and IV (p<0.05) (Table 1). 
Estradiol hormone 
There was no significant difference 
between stages II and III (p>0.05), but 
there were. 
 
Table 1: Testosterone, 17β-estradiol and progesterone and calcium levels changes in males and females of 
 H.huso at different stages. 
 abc: Various letters indicate significant differences at each stages in males and femals  
 Stars indecate significant differences between each sex*: Calcium ion 
 
significant differences between stage II 
and IV; III and IV of sexual maturation 
stages (p<0.05). In females, there was no 
significant difference between stages II 
and IV (p>0.05), but there were significant 
differences between stage II and III; III 
and IV (p<0.05) (Table.3). Estradiol 
hormone concentrations showed 
significant differences between males and  
 
 
 
females at stages II and III (p<0.05), but 
not at stage IV. 
      In males, there was a significant 
difference between stage III and IV 
(p<0.05) but not between III and IV of 
sexual maturity (p>0.05). In females, there 
was a significant difference between II and 
III stages (p<0.05), but not between stages 
II and IV or III and IV (p>0.05). Calcium 
levels showed no significant difference 
between males and females at stages II and 
Calcium 
(mg/dl) 
Progesterone 
(ng/ml) 
17β-estradiol 
(ng/ml) 
Testosterone 
(ng/ml) 
Sexual stages Sex 
ns7.73 ± 0.16b ns0.5±0.01b 9.0±1.39a* 10.86±1.63c * II 
 
Males 
8.58 ± 0.13a* 0.5±0.07a* 6.5±0.64a* 54.14±3.11b * III 
ns8.76 ± 0.11a 0.36±0.04a* ns2.96±0.29b 112.41±7.37a* IV 
ns8.05±0.09b ns0.05±0.01c 5.5 ± 0.3b * 0.8±0.1c* II 
 
Females 
*10.40±0.34a *0.01±0.02b 9.5 ± 0.97a * *15.65±2.2b III 
ns9.6±0.6a 0.2±0.03a* ns4.1 ± 0.7b 50.75±3.6a* IV 
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IV, whereas there was significant 
difference at stage III (P<0.05) (Table 1). 
 
Discussion 
Results of this study indicated that 
testosterone levels were significantly 
different between male and female H.huso 
and between stages of sexual maturity 
(p<0.05). At each stage of sexual maturity, 
testosterone concentrations in blood 
plasma were greater in males compared to 
females. The increase in testosterone and 
decrease in estradiol levels at the final 
stages of maturity in teleost fish 
(Nagahama, 1987) and in different species 
of sturgeon (Frederiek et al., 2007) are due 
to declining the aromatase enzyme 
activity. Reductions in the levels of 
testosterone are controlled by 
gonadotropin hormones, but time-
dependent fluctuations of hormones can 
occur in various species (Bahmani et al., 
2004).  
      Differences in mean levels of 
testosterone in blood plasma between male 
and female Acipenser persicus at stage IV 
were greater than stage III, and stage III 
levels were not significantly different from 
stage II (Bahmani et al., 2009). These 
results differed from those of the present 
study, because most possibly the 
testosterone concentration of blood plasma 
acts as a precursor for estradiol, in female 
breeders during vitellogenesis at stage III, 
and rapid division of the second 
spermatocytes during spermatid 
production.  Testosterone concentration 
should be significantly higher at stage III 
than II (Pankhurst, 1997; Nagahama, 
2000). In immature fishes, sex steroid 
hormones levels were low but increased 
with maturity. These steroid hormones are 
precursors of estradiol (Dahle et al., 2003; 
Barannikova et al., 2004; Sattari, 2010), 
andthere is a positive relationship among 
these hormones (Nazari and Ghomi, 2010). 
In fact, testosterone is the main hormone 
controlling the reproductive process in 
sturgeon under natural conditions 
(Bukovskaya, 1997). There is a constant 
and positive relationship among steroid 
hormones of blood plasma (Barannikova  
et al., 2003; 2006).   
      Bukovskaya and Bayunova (1989) 
reported that the concentration of 
testosterone and estradiol of male and 
female A. nudiventris in estuaries and 
rivers and also in wild individuals of A. 
stellatus and Huso huso from the southern 
area of the Caspian Sea at stage II were not 
significantly different but they were 
significantly different at the start of stage 
III of sexual maturity. An evaluation of the 
dynamics of sex steroid hormone in 
H.huso at the start of migration to the 
Volga River showed that testosterone 
levels in blood plasma in males and 
females and progesterone levels only 
higher in males at primary of spring 
season, but levels of testosterone and 
progesterone in blood plasma were lower 
in comparison with spring migratory 
fishes. Males showed lower levels of 
testosterone in winter than in spring 
migratory males (Barannikova et al., 
1997). Other authors have shown that 
testosterone levels in male and female 
sturgeon increased in spring and reached a 
maximum at stage IV of sexual maturity, 
while it decreased in winter in males and 
females (stage III) (Barannikova, 2003). 
The reason for this difference was the 
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earlier stage of sexual maturity in winter 
migratory breeders than spring migratory 
brood stocks (Barannikova et al., 1997). 
     Mean concentration of progesterone 
and estradiol in farmed A. nudiventris 
breeders were greater than in non 
spermatic individuals but showed no 
significant difference. Differences were 
significant in farmed (mature) female 
breeders than in immature breeders and 
were greater in females than males 
(Bahmani et al., 2009).   
     As in the present study, although 
progesterone levels decreased in males and 
females from stage II to stage IV, its mean 
levels were greater in males tcompared to 
females (Bahmani et al., 2009). It seems 
that this increase was due to lower 
requirement and consumption of 
progesterone hormone in males.  
      In teleosts testosterone and 
progesterone concentrations increased 
during spawning and then decreased 
sharply (Yan et al., 1992; Fontaine et al., 
1998) and their concentration decreased 
with development of the ovary and gonad 
cells especially at vitellogenesis because 
ovary development is similar to that in 
sturgeon (Chang et al., 1999; Dahle et al., 
2003; Shafiei Sabet et al., 2010). Rapid 
decrease of estradiol after vitellogenesis 
and at the final stages of sexual maturity 
were because aromatase activity ceased 
resulting from completion of egg 
development and a sharp reduction of 
feedback from steroid hormones (Shafiei 
Sabet et al., 2010).  However, occasional 
increases in testosterone in many teleost 
species occur immediately before 
spawning and at the final maturity (Chang 
et al. 1999). It seems that cessation of 
ovary aromatic activates, and no 
requirement for testosterone and using it 
for spawning is the major reason to 
increase testosterone hormone levels at 
this time. These results were in agreement 
with the results of the present study.   
      Progesterone levels showed significant 
differences in teleost female brood stocks 
at different stages of sexual maturity 
(Najafipoor, 2005). Higher levels of 
progesterone in more mature female 
breeders compared with the immature 
breeders was due to the effectiveness of 
progestin (especially progesterone) in 
promoting oocytes in some adult teleost, 
that  reaches to its  maximum level at 
spawning time. 
Calcium ion 
Our results also revealed that calcium 
levels of blood plasma were significantly 
different at different stages of sexual 
maturity in both males and females. 
Calcium Levels were greater in females 
than males of H.huso. Some studies 
showed that calcium levels of blood serum 
in farmed juvenile H.huso were similar to 
those of fresh water teleost and 
concentrations were the same in males and 
females (Asadi et al., 2006). Others 
indicated that the concentration of calcium 
ion varied in different species (Shahsavani 
et al., 2010), genera (Webb et al., 2000 
and present study) and families (Borges et 
al., 2004). It also varied with age, and 
environmental conditions (Hoseini et al., 
2010).  The results of present study 
contrasted with those of Asadi et al. 
(2006). Therefore, in young fish and 
before vitellogenesis, there were no 
significant differences in calcium 
concentration between males and females, 
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but because of its role in the reproductive 
cycle and vitellogenine process, calcium 
concentration is related to age and gonad 
development cycle (Tsai and Wang, 2000).  
      Calcium ion concentration is related to 
the reproductive cycle, and steroid 
hormones (Najafipoor, 2005; Shafiei Sabet 
et al., 2010), hence it is essential for 
formation of vitteline granules (Tsai and 
Wang, 2000). Results of the present study 
also showed the relationship between 
calcium ions and reproductive cycle. 
Calcium ion levels of plasma increased 
before spawning as a result of an increase 
in stanius glands in females during ovary 
development cycle. This increase is due to 
calcium ion linking to proteins (vitelline 
granules) of the egg (Ursa and Wandelaar 
Bonga, 1985). This study also showed that 
the increase of calcium ion concentration 
in females was parallel to vitellogenesis, 
and a significant difference existed 
between males and females. These results 
are in accordance with previous studies, 
demonstrating indicating that the calcium 
ion concentration was increased with the 
raise of estradiol hormone in blood plasma 
at vitellogenesis (Stahl, 2008; Shafiei 
Sabet et al., 2010) 
       In conclusion, sex determination and 
staging of sexual maturity in farmed Huso 
huso can be determined by measuring 
steroidal hormones and some ions and 
metabolites in blood plasma. The 
concentration of different indices is 
different at each stage of sexual 
development as well as between males and 
females. It is also interesting that sexual 
steroid hormones and other indices varied 
between species of sturgeon and also other 
fish (Webb et al., 2002; Barannikova, 
2003), and even within a species under 
different (cultural and natural) conditions 
(Barannikova et al., 1997).  
 
Acknowledgment 
We sincerely thank the Iranian Fisheries 
Research Organization for providing a 
grant to undertake this research. Thanks 
are also due to the Head of the 
International Research Organization of the 
Caspian Sea Sturgeon Fishes, and our 
colleagues at the Rearing and Propagation 
Department of Shahid Dr.Beheshti Fish 
Propagation and Restocking Complex 
(Rasht) for using their facilities and 
practical support.  
 
References 
Asadi, F., Halajian, A., Pourkabir, M., 
Asadian, P. and Jadidizadeh, F., 
2006. Serum biochemical parameters of 
Huso huso. Comparative Clinical 
Pathology, 15, 245–248. 
Bahmani, M., Kazemi, R., Yousefi 
Jourdehi, A., Yazdani Sadati, M., 
Pouedehghani, M., Hallajian, A., 
Dejhandian, S. and Mohseni, M., 
2004.  Final  report of sexing of on 
evaluation of artificial propagation 
possibility in farmed Acipenser 
nudiventris and Acipenser persicus. 
Iranian Fisheries Research organization. 
107P. 
Bahmani, M., Yousefi Jourdehi, A., 
Kazemi, R., Pourdehghani, M., 
Hallajian, A., Dejhandian, S. and 
Jalilpoor, J., 2009. Seasonal 
fluctuations of testosterone (T), 17α – 
hydroxy progesterone (17α -OHP), 17β 
– estradiol (E2) during sexual 
604     Kazemi et al., Classification of sex and maturity stages of farmed Great sturgeon (Huso huso)… 
 
maturation in Acipenser stellatus. 
Iranian Journal of fisheries, 4, 7–16. 
Barannikova, I. A., 1997. Sex steroid 
concentration in blood serum of 
sturgeons and its specific cytosol 
binding in brain in different stages of 
migratory cycle. 3th International 
Symposium of sturgeon, Italy.  
Barannikova, I. A., Baunova, L.V., 
Gruslova, A. B. and Semenkova, T. 
B., 2003. Steroids in sturgeon, 
migration regulation. Fish physiology 
and Biochemistry, 28, 263 – 264. 
Barannikova, I.A., Bayounova, L.V. and 
Semenkova, T.B., 2004. Serum levels 
of testosterone, 11– ketotestosterone 
and estradiol - 17 in three species of 
sturgeon during gonadal Development 
and final maturation induced by 
hormonal treatment. Journal of Fish 
Biology, 64(5), 1330-1338. 
 
 Barannikova, I.A., Bayounova, L.V. 
and Semenkova, T.B,. 2006. Serum 
sex steroids and their specific cytosol 
binding in the pituitary and gonads of 
Russian sturgeon (Acipenser 
gueldenstaetdii Brandt) during final 
maturation. Journal Applied 
Ichthyology, 22, 331-333. 
Borges, A., Scoti, L.V., Siqueira, D.R., 
Jurinitz, D.F. and Wassermann, G.F., 
2004. Hematologic and serum 
biochemical values for jundia (Rhamdia 
aqelen). Fish Physiology and 
Biochemistry, 30, 21-25. 
Bukovskaya, O.S. and Bayunova, L.V., 
1989. Sex steroids concentration in 
blood serum of Russian sturgeon during 
anadromous and diadromous life cycle. 
Astrakhan Technical University. pp. 37-
38. 
Bukovskaya, O.S., Lambert, J.G.D. and 
Kime, D.E., 1997. In vitro 
steroidogenesis by gonads of the 
Russian sturgeon, Acipenser 
gueldenstaedti Brandt. Fish Physiology 
and Biochemistry, 16, 345-353. 
Ceapa, C., Williot, P., LeMenn, F. and 
Davail-Cuisset, B., 2002. Plasma sex 
steroids and vitellogenin levels in 
stellate sturgeon (Acipenser stellatus 
Palas) during spawning migration in the 
Danube River. Journal of Applied 
Ichthyology, 18, 391-396. 
Chang, C.F., Hung, C.Y. and Chiang, 
M.C. and Lan, Sh. Ch., 1999. The 
concentrations of plasma sex steroids 
and gonadal aromatase during 
controlled sex differentiation in grey 
mullet, Mugil cephalus. Aquaculture, 
177, 37–45. 
Chapman, F. A. and Park, C. 2005. 
Comparison of sutures used for wound 
closure in sturgeon following a gonad 
      biopsy. North American Journal of 
Aquaculture 67: 98–101 
Christenson, L.K., Stouffer, R.L. and 
Strauss, J.F., 2001. Quantitative 
analysis of the hormone-induced 
hyperacetylation of histone H3 
associated with the steroidogenic acute 
regulatory protein gene promoter. 
Journal of Biological Chemistry, 276, 
27392-27399. 
Clark, B.J., Wells, J., King, S.R. and 
Stocco, D.M., 1994. The purification, 
cloning, and expression of a novel 
luteinizing hormone-induced 
mitochondrial protein in MA-10 mouse 
Leydig tumor cells. Characterization of 
Iranian Journal of Fisheries Sciences 13(3) 2014                                          605 
 
the steroidogenic acute regulatory 
protein (StAR). Journal of Biological 
Chemistry, 269, 28314-28322. 
Cuisset, B., Fostier, A., Williot, P., 
Bennetau-Pelissero, C. and LeMenn, 
F., 1995. Occurrence and in vitro 
biosynthesis of 11-ketotestosterone in 
Siberian sturgeon, Acipenser baeri 
Brandt maturing females. Fish 
Physiology and Biochemistr, 14, 313–
322. 
 Dahle, R., Taranger, G.L., Karlsen, Q, 
Kjesbu, O.S. and Norberg, B., 2003. 
Gonadal development and associated 
changes in liver size and sexual steroids 
during the reproductive cycle of captive 
male and female Atlantic cod (Gadus 
morhua L.). Comparative Biochemistry 
and Physiology Part A, 136, 641–653. 
Doroshov, S.I. Moberg, G.P. and Van 
Eenennaam, J.P., 1997. Observations 
on the reproductive cycle of cultured 
white sturgeon, Acipenser 
transmontanus. Environmental Biology 
of Fishes, 48, 265–278.  
Fontaine, P., Sulistyo, I., Richard, 
Jgardeur, J.N., Capdeville, B. and 
Kestemont, P., 1998. Reproductive 
cycle and plasma levels of sex steroids 
in female Eurasian perch, Perca 
fluviatilis. Aquatic Living Resource, 
11(2), 101–110. 
Frederiek, J., Munday, L., Westcott, A., 
Hobbs, V. and Robin Liley, N., 2007. 
Aromatase pathway mediates sex 
change in each direction. Biology 
Science, 272, 1399-1405. 
Hoseini, S.M., Hosseini, S.A. and Nodeh, 
A.J., 2010. Serum biochemical 
characteristics of Beluga, Huso huso 
(L.), in response to blood sampling after 
clove powder solution exposure. Fish 
Physiology and Biochemistry, 37(3), 
567-72. 
Kazemi, R., Hallajian, A., Bahmani, M., 
Paranavar, H., Dejhandian, S., 
Pourdehghani, M., Dejhandian, S. 
and Yousefi, A., 2004.  Final report on 
sexing of farmed Huso huso at   
sturgeon rearing and propagation 
complexes by biopsy. International 
Sturgeon research Institute. Rasht. 78P.  
Kazemi, R., Hallajian, A., Bahmani, M., 
Parandavar, H., Dejhandian, S., and  
Malekzadeh Viaieh, R.,  2002. Sexing 
of farmed Huso huso 12- year- old in 
Shahid Dr. Beheshti rearing and 
propagation complexes. Rasht. 
International Sturgeon Research 
Institute of Dr. Dadman. 23P. 
Linares-Casenave, J., Kroll, K.J. ,Van 
Eenennaam, J.P. and Doroshov, S.I.,  
2003. Effect of ovarian stage on plasma 
vitellogenin and calcium in cultured 
white sturgeon. Aquaculture, 221, 645–
656. 
Malekzadeh Viaieh, R., Hallajian, A., 
Kazemi, R., Bahmani, M., and 
Hoshmand, A., 2006. Comparative 
study of sex hormone levels in 
Acipenser persicus according to start 
of autumn migration. Iranian Journal 
of Fisheries Sciences,15(1).151-162. 
Malekzadeh Viayeh, R., Webb, M.A.H., 
Hallajian, A., Kazemi, R. and 
Pahlavan Yali, M., 2006. Biochemical 
and morphometric parameters as 
indicators of sex and gonadal stages in 
maturing Persian Sturgeon, Acipenser 
persicus. Journal of Applied 
Ichthyology, 22(1), 364-368. 
606     Kazemi et al., Classification of sex and maturity stages of farmed Great sturgeon (Huso huso)… 
 
Matsche, M.A., Baka, R.S. and 
Rosemary, K.M., 2011. Use of 
laparoscopy to determine sex and 
reproductive status of shortnose 
sturgeon (Acipenser brevirostrum) and 
Atlantic sturgeon (Acipenser 
oxyrinchus oxyrinchus). Journal of 
Applied Ichthyology, 27, 627–636. 
Moberg, G. P., Watson, J. G., Doroshov, 
S., Papkoff, H. and Pavlick, R. J., 
1995. Physiological evidence for two 
sturgeon gonadotropins in Acipenser 
transmontanus. Aquaculture, 135, 27-
39. 
Mojazi Amiri, B., Maebayashi, M., 
Hara, A., Adachi, S. and Yamauchi., 
K. 1996. Ovarian development and 
serum sex steroid and vitellogenin 
proﬁles in the female cultured sturgeon 
hybrid, the bester. Journal of Fish 
Biology, 48, 1164–1178. 
Nagahama, Y., 1987. In “Hormones and 
Reproduction in Fishes, Amphibians 
and Reptiles” (eds. D. O.Norris and R. 
E.Jones), Plenum Press, New York 
Nagahama, Y., 2000. Gonadal steroid 
hormones: major regulators of gonadal 
sex differentiation and gametogenesis 
in fish. In: Norberg O, Kjesbu OS, 
Taranger GL, Andersson E, Stefansson 
SO (eds) Proc 6th Int Symp Rep Phy 
Fish. Bergen, Norway, pp 211–222. 
Najafipoor, SH., 2005. Detection of sex 
steroid hormone levels and their 
relationship with sexual maturation 
and some reproductive indices in 
female brood stocks of Rutilus frissi 
Kutum. MS.c Thesis. Islamic Azad 
University. The North Branch of 
Tehran. 177P.   
Nazari, R.M. and Ghomi, M.R., 2010. 
Relationship between steroid hormones 
and maternal characteristics and larvae 
in Persian sturgeon Acipenser persicus. 
Italian Journal of Zoology, 77(4), 492–
494. 
Pankhurst, N.W., 1997. In vitro steroid 
production by isolated ovarian follicle 
of the striped trumpeter. Journal of Fish 
Biology, 5, 685-669. 
Pottinger, T.G and Carrick, T.R., 2001. 
ACTH does not mediate divergent 
stress responsiveness in rainbow trout. 
Comparative biochemistry and 
physiology, 129, 399-404. 
Pourkazemi, M. 2010. Study on the 
Possibility of sturgeon rearing 
development in the southern coasts  
provine (Guilan and Mazandran 
province) of the Caspian sea. Iranian 
Fisheries Research Organization. 400 P. 
Sattari, M., 2010. Ichthyology(1), 
Anatomy and Physiology. The third 
publication. Naghshe Mehr Publisher. 
659P. 
Shafiei Sabet. S., Imanpour, M. R., 
Aminian Fatideh B. and gorgin, S., 
2010. Study on levels of 17-beta 
estradiol and testosterone in female 
Kutum Rutilus frisii kutum of southern 
Caspian Sea. World Journal of Zoology, 
5(3), 217-224.  
Shahsavani, D., Kazerani, H.R., Kaveh, 
S. and Gholipour-Kanani, H., 2010. 
Determination of some normal serum 
parameters in starry sturgeon 
(Acipenser stellatus Pallas, 1771) 
during spring season. Comparative 
Clinical Pathology, 19, 57–61. 
Stahl, M.T., 2008. Reproductive 
physiology of Shovelnose sturgeon 
Iranian Journal of Fisheries Sciences 13(3) 2014                                          607 
 
from the middle Missisippi River in 
relation to seasonal variation in plasma 
sex steroids, vitellogenin, calcium, and 
oocyte diameters. Southern Illinois 
University Carbondale. Chapter 2. Use 
of sex hormone profiles to determine 
sexual maturation in Shovelnose 
sturgeon. 28P. 
Stocco, D.M., 2002. Clinical disorders 
associated with abnormal cholesterol 
transport: Mutations in the 
steroidogenic acute regulatory protein. 
Molecular and Cellular Endocrinology, 
191, 19-25. 
Tsai, Ch.Li and Wang, Li-H., 2000. Sex 
Differences in the Responses of Serum 
Calcium Concentrations to Temperature 
and Estrogen in Tilapia, Oreochromis 
mossambicus. Zoological Studies, 
39(1), 55-60. 
Urasa, F.M. and Wendelaar, Bonga, 
S.E., 1985. Stannius corpuscles and 
plasma calcium levels during the 
reproductive cycle in the cichlid teleost 
fish, Oreochromis mossambicus. Cell 
Tissue Research. 241, 219-227. 
 
Van Eenennaam, J. P., Doroshov, S. I., 
Moberg, G.P., Watson, J.D, Moore, 
D.S. and Linares, J., 1996. 
Reproductive conditions of Atlantic 
sturgeon (Acipenser oxyrhynchus) in 
the Hudson River. Estuaries, 19, 769–
77. 
Webb, M. A. H., Van Eenennaam, J. P., 
Doroshov, S. I. and Moberg, G. P., 
1999. Preliminary observations on the 
effects of holding temperature on 
reproductive performance of female 
white sturgeon, Acipenser 
transmontanus Richardson. 
Aquaculture, 176, 315- 329. 
Webb, M.A.H., Van Eenennaam, J.P. 
and Doroshov, S.I., 2000. Effects of 
steroid hormones on in vitro oocyte 
maturation in white sturgeon (Acipenser 
transmontanus). Fish Physiology and 
Biochemistry, 23, 317–325.  
Webb, M.A.H., Feist G.W., Trant, J.M., 
Van Eenennaam, J.P., Fitzpatrick, 
M.S., Schreck, C.B. and Doroshov, 
S.I., 2002. Ovarian steriodogenesis in 
white sturgeon (Acipenser 
transmontanus) during oocyte 
maturation and induced ovulation. 
General and Comparative 
Endocrinology, 129, 27–38. 
 Webb, M.A.H. and Erickson, D.L., 
2007. Reproductive structure of the 
adult green sturgeon, Acipenser 
medirostris, population in the Rogue 
River, Oregon. Environmental Biology 
of Fish, 79, 305–314. 
Yan, L. G., Swanson, P. and Dickhoff, 
W.W., 1992. A two-receptor model for 
salmon gonadotropins (GTH-I and 
GTHII). Biology of Reproduction, 47, 
418-427. 
 
 
 
 
 
